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c LMOS antenna gain
call antlmds(elevaidydepreangyshapelmdyahornull,

# sideattnyGant_hub)
cxi=aimx-xi
cyi=aimy-yi
czi=aimz-zi
chordi=sqrt(cxi*cxl+eyi*cyi+czi*czi)
cosphe=(disti-disti+aimdists-chordi-chordi)/(2.0*disti*aimdist)
phei=acos(cosphe)
pheid=phei-rtd

c .
c LEOsat antenna gain

call antsat(pheid,hpbw,phezeroyGant-leo)
c
c atmospheric attenuation of the lMJS hub for 1100ft(363m)MSl lP-OS hubs

call atmos(elevaid,0.363,iclimyatmosi)
c
c cross-polarization attenuation of the LMOS hub

if«(pheid .LT. satlobe) .AND. (elevaid .LT.
xxpol=xpol

else
xxpol=0.0

endif

ahornull)) then

c
c path loss from LMOS hub to LEOsat (dB)

Lpi=92.45+20.0*log10(disti)+logf+atmosi
Ix=eirplmds+Gant_hub+CGant_le0+G0_leo)-xxpol-Lpi

c received power at LEOsat (W)
Iol=10.0·*Clx/10.0)

c
c add power to appropriate lMDS-antenna elevation-angle bin

if(elevaid .LT. 5.0) then
Io_e(l)=Io_e(l)+Ioi
Ne(1)==Ne(l)+1

else if(elevaid .LT. 10.0) then
Io_e(2)=Io_e(2)+Ioi
Ne(2)=Ne(2)+1

else if(elevaid .LT. 15.0) then
Io_e(3)=Io_e(3)+Ioi
Ne(.3)==Ne(3)+l

else if(elevaid .LT. 20.0) then
Io_e(4)=Io_e(4)+Ioi
Ne(4)=Ne(4)+1

else if(elevaid .LT. 25.0) then
Io_e(5)=Io_e(5)+Ioi
Ne(5)=Ne(5)+1

else if(elevaid .LT. 30.0) then
Io_e(6)=Io_e(6)+Ioi
Ne(6)::::Ne(6)+1

else if(elevaid .LT. 35.0) then
Io_e(7)=Io_e(7)+Ioi
Ne(7)::::Ne(7)+1

else if(elevaid .LT. 40.0) then
Io_e(8)=Io_e(8)+Ioi
Ne(8)=Ne(8)+1

else if(elevaid .LT. 45.0) then
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Io_e(9)=:Io_e(9)+Iol.
Ne(9)=Ne(9)+1

else if(elevaid .LT. 50.0) then
Io_e(10)=Io_e(10)+Ioi
Ne(10)=Ne{10)+1

else if(elevaid .LT. 55.0) then
Io_e(ll)=Io_e(ll)+Ioi
~(ll)~e(ll)+l ~

else if(elevaid .LT. 60.0) then
Io_e(12)=:Io_e(12)+Ioi
Ne(12~e(12)+l

else if(elevaid .IT.. 70.0) then
Io_e(13)=Io_e(13)+Ioi
Ne{13~e(13)+l

else i.f(elevaid .LT. 80.0) then
Io_e(14)=Io_e(14)+Ioi
Ne(14~e(14)+1

else if(elevaid .lE. 90.0) then
Io_e(lS)=Io_e(15)+Ioi
Ne(lS)~e(15)+l

endif
c
c also add power to appropriate lEOsat-antenna off-axis-angle bin

if(pheid .LT. 5.0) then
Io-p(1)=Io-p(1)+Ioi
Np(1)=Np(1)+1

else if(pheid .IT. 10.0) ~hen

Io-p(Z)=Io-p(Z)+Ioi
Np(2)=Np(Z)+1

else if(pheid .LT. 15.0) then
Io_p(3)=Io-p(3)+Ioi
Np(3)=Np(3)+1

else if(pheid .LT. 20.0) then
Io-p(4)~Io-p(4)+Ioi

Np(4)=Np(4)+1
else if(pheid .LT. 25.0) then
Io-p(5)~Io-p(5)+Ioi

Np(S)=Np(S)+l
else if(pheid .LT. 30.0) then
Io_p(6)~Io-p(6)+Ioi

Np(6)=Np(6)+1
else if(pheid .LT. 35.0) then
Io_p(7)~Io_p(7)+Ioi

Np(7)=Np(7)+1
else if(pheid .LT. 40.0) then
Io-p(8)~Io-p(8)+Ioi

Np(8)=Np(8)+1
else if(pheid .LT. 45.0) then
Io-p(9)~Io-p(9)+Ioi

Np(9)=Np(9)+1
else if(pheid .LT. 50.0) then

Io-p(10)=Io-p(10)+Ioi
Np(10)==Np(10)+1

else if(pheid .LT. 55.0) then
Io-p(ll)=Io-p(ll)+Ioi
Np(11)=Np(11)+1
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else if(pheid .LT. 60.0) then
Io-p(12)=Io-p(12)+Ioi
Np(12)=::Np(12)+1

else if(pheid .LT. 70.0) then
I o-p(13)=Io-p(13)+Ioi
Np(13)=Np(13)+1

else if(pheid .LT. 80.0) then
Io-p(14)=Io-p(14)+Ioi
Np(14~(14)+1

else if(pheid .LE. 90.0) then
Io-p(15)=Io-p(lS)+Ioi
Np(lS)=Np(lS)+l

endif
c
c also add power to total i.nterference power

Io_total=Io_total+loi
c

2099 continue
Z001 continue
2000 continue

c
c double the number of sites and increase the IoINa by 3 dB
c to account for the "below the equator" or "southern hem" LMDS sites

do 200Z i=1~1S

IX=10.0-1og10(Io_e(i))
itne(i)=Ix+3.0-No
IX=10.0-1og10(Io-p(i))
itnp(i)=Ix+3.0-No
Ne(i)=Ne(i)*Z
NpCi)==NpCi)*Z

2002 conti nue
c

Ncell=Ncell*Z
IX=10.C*log10(Io_total)
itntotol=Ix+3.0-No

c
writeC*.1081) Ncell.itntotal
writeC* ,1088)
writeC*,1101) Ne(l).itne(l)
writeC*,1102) Ne(2),itne(2)
writeC*.1103) Ne(3),itne(3)
writeC*.1104) Ne(4).itne(4)
writeC*,110S) Ne(S),itne(S)
writeC*,1106) Ne(6),itne(6)
writeC*,1107) Ne(7),itneC7)
writeC*,1108) Ne(8),itne(8)
writeC*,1109) Ne(9),itne(9)
writeC*,1110) Ne(10),itne(10)
writeC*,1111) Ne(11),itne(11)
writeC*,111Z) Ne(12),itne(12)
writeC*,1113) Ne(13),itne(13)
writeC*,l114) Ne(14),itne(14)
writeC*,lllS) NeClS),itne(lS)

c
writeC2,1081) Ncell,itntotal
writeC2,1088)

Page -113-



wri'teC·,1086)
writeC*,1101) Np(l),itrtp(l)
writeC*,1102) Np(Z),itnp(2)
writeC*,1103) Np(3),itnp(3)
writeC·,1104) Np(4),itnp(4)
write(*,110S) Np(S),itnp(S)
write(*,1106) Np(6),itnp(6)
writeC*,1107) Np(7),itnp(7)
write(*,ll08) Np(8),itnp(8)
writeC*,1109) Np(9),itnpC9)
writeC*,1110) NP(10),itnp(10)
writeC*,1111) Np(11),itnp(11)
writeC*,111Z) NPCIZ),itnp(lZ)
writeC*,1113) Hp(13),itnp(13)
writeC*,1114) Np(14),itnp(14)
writeC*,111S) NPC1S),itnpClS)

write(2,1086)
writeCZ,1101) Np(l),itnp(l)
write(Z,110Z) Np(Z),itnp(Z)
writeCZ,1103) Np(3),itnp(3)
write(Z,ll04) Np(4),itnp(4)
writeCZ,110S) Np(S),itnp(S)
write(Z,1106) Np(6),itnp(6)
write(2,1107) Np(7),itnpC7)
writeC2,1108) Np(8),itnp(8)
writeCZ,1109) Np(9),itnp(9)
writeC2,1110) Np(le),itnp(10)
write(Z,1111) Np(11),itnp(1l)
write(Z,1112) Np(12),itnp(12)
write(Z,1113) Np(13),itnp(13)
write(2,1114) Np(14),itnp(14)
write(Z,111S) Np(lS),itnp(lS)

1'.I.NAL iU:POKJ. W(iL

writeCZ,1101) Ne(l),itneCl)
writeCZ,110Z) NeCZ),itne(Z)
writeCZ,1103) Ne(3),itne(3)
writeCZ,1104) Ne(4),itneC4)
write(Z,110S) Ne(S),itne(S)
write(Z,l106) Ne(6),itne(6)
write(2,1107) Ne(7),itne(7)
write(Z,1108) Ne(8),itne(8)
write(2,1109) Ne(9),itneC9)
write(Z,1110) Ne(10),itneC10)
write(2,1111) Ne(1l),itne(11)
write(Z,1112) Ne(12),itne(lZ)
write(2,1113) Ne(13),itne(13)
write(2,1114) Ne(14),itne(14)
write(2,111S) Ne(15),itne(lS)

c

c

c
c

writeC*, 'Co)') •
recd(·,10) yestext

••••• To continue type ftEnter" .......
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c
9999 continue

c



c
c
c
c

close (1)
close (2)
end

t.i.l"4AL Kl:.t'UK1 WtJ-L
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(2) The mainlobe depression angle simulates the down-looking of a
typical lMOS hub antenna. The effect is to add the depression
angle to the calculated elevation angle tOV«lrd the satellite.

elevaid=the elevation angle toward the LEO satellite (deg)
ahornull=the above .horizon' main-lobe null angle (deg)
depreang=the mainbearn depression angle (deg)
sideattn=the sidelobe attenuation (dB)

subroutine antlmds(elevaid,depreong,shapelmd,ahornull,
# sideottn,antlmdsg)

c
c Compute the lMDS hub relative antenna gain toward the lEOsat.
c The lMOS hub antenna pattern is assumed to be of form [sin(x)/xJAZ
c where x is normalized to the angle between axis and ~in-lobe null.-
c x = (pi*elevaid/ahornull)
c
c This [sin(x)/x]AZ function is modified by fou~ shaping factors:
c - antenna shape factor
c - mainbeam depression angle
c -.overnll sidelobe attenuation
c - minimum relative gain (pre$et by the program at -4SdB), .
c'
c (1) The function is modified by an antenna shaping factor: 1.~(1+7AE)

c z = elevation angle/antenna null, ftelevaid/ahornull"
c E = the shape factor, "shapelmd"
c
c
c
c
c
c (3) All sidelobes can be attenuated by a ~onstant.

c
c (4) The lowest relative antenna gain is limited to "antrningn" dB.
c
c
c
c
c
c

common/const! pi,antmingn
c

elevaidd=elevaid+depreang
eleonull=elevaidd/ahornulI
x=pi*eleonull
sinx=sin(x)
sincZ=sinx·sinx/(x·x)
antlmdsg=10.0*log10(sinc2)

c
if(shapelmd .GT. 0.0) then

antlmdsg=antlmdsg+10.0*log10(1.0/(1.0+eleonull*·shapelmd))
endi.f

c
if(elevai.d .GT. ahornull) antlmdsg=antlmdsg-sideattn
if(antlmdsg .LT. antmingn) antlmdsg=antmingn

c
return
end
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c
c
c

tiNAL KJ::iJ(JKJ. W~L

subroutine antsat(pheid,hpbw,phezero,antleogi)
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c
c compute the lEOsat relative antenna gain toward the lMDS hub.
c The lEOsat antenna pottern is assumed to be equavalent to the WARC-83
c APPENDIX 308's 'fast roll-{)ff' pattern (ANNEX 1, Section 1. 7).
c -12(phe/phe0) for 0 < (phe/phe0) < 0.5
c -18.7S*(phe0)A2«phe/phe0)-x) for 0.5«phe/phe0)«(1.16/phe0) +x)
c -25.23 for «1.16/phe0)+x)«phe/phe0)<1.45
c -(22+20log(phe/phe0)) for (phe/phe0>1.45
c ~

c···· where (phe/phe0)=pheophe0 is assumed to be (pheidlhpbw)··········
c···· phe0=phezero
c
c pheid=the subtended angle at the lEOsat, between antenna aim-point
c and lMDS site (deg)
c phezero=t~e mainbeam shape factor
c =0.8 ... a nonna1 horn antenna
c -12(phelphe0) for 0«phe/phe0)<1.45
c -(22+201og(phe/phe0)) for (phe/phe0»L4S ~

c =1.6 fast roll-off to -25.23 at phe=phe0
c =3.2 fast roll-{)ff to -25.23 at (ph~phe0)=0.576

c
common/canst! pi,antmingn

c
c·····································
c
c

phemod=(phezero/hpbw)·pheid
pheophe0=phemod/phezero

pheophe0=pheid/hpbw

*..

c·····································
x=0.S*Cl.0-(0.8/phezero))
phe0x=(1.16/phezero)+x
ifC(pheophe0 .GE. 0.0) .AND. (pheophe0 .LE. 0.5)) then

antleogi=-12.0*pheophe0*pheophe0
else if(pheophe0 .LE. phe0x) then

antleogi=-18.7S*phezero*phezero*Cpheophe0-x)*Cpheophe0-x)
else ifCpheophe0 .LE. 1.45) then

cntle'.:>qi=-25.23
else -

antleogi=-(22.0+20.0·1og10(pheophe0))
endif

c
ifCantleogi .LT. antmingn) antleogi=antmingn
return
end

c
c

subroutine eras
c
c This subroutine clears the screen and places the cursor to home.
c

write(*,10) char(27)
writeC*,20) char(27),1,1

10 formatClx,la, "[2J")



c
c

rJl\lAL Kt:.t'UKl ",~L

20 fonmat(lx,la,·[·Il,·;·,Il,·H·\)
return
end
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REAL function Fun(x)
c This function calculates an intermediate variable used in subroutine
c abnos, below

Fun=1.0/(0.661·x+0.339·sqrt(x·x+S.Sl))
end

c
c

subroutine atmos(thetad, gs_alt, iclim, atmsph)
c .
c Calculate the atmospheric attenuation (dB) at 29GHz along the path
c between a sate11i te and a ground station at a1titude gs_aIt (kill, MSL)
c in accordance with [11] of CaR Report 719-3, as a function of
c thetad (deg) elevation angle of the satellite from the ground station.
c rho (gmlmA3) density of water vapor in the air
c =10 for climate-type 1
c = S for climate-type 2 -:
c = 2 for climate-types 3-S
c

g0=e.0184855424
eradi==6378.135
dtr=0.017453292
thetar=thetad*dtr
h_02:6.0
hw0=1.6
hw=hw0*1.0443063S8
h0=h_02-gs_Qlt
if (iclim .EQ. 0) then
atmsph~.0

return
else if (iclim .EQ. 1) then

rho=10.0
else if (iclim .EQ. 2) then

rho=S.0
else if «iclim .GE. 3) .AND. (iclim .LE. 5)) then

rho=2.0
endif
gW=(0. 0021*rho+0.10247092J.)*0. 09*rho

c
c use different model for thetad>7deg

if (thetad .LT. 7.0) then
argl=tan(thetar)*sqrt(eradi/h0)
arg2=tan(thetar)*sqrt(eradi/hw)
atmsph=g0·sqrt(h0)·Fun(arg1)~sqrt(hw)·Fun(arg2)

atmsph=atmsph*sqrt(eradi)/cos(thetar)
else

atmsph=(h0*g0+hw*gw)/sin(thetar)
endif
return
end

c
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80 PowllContlOII.ltntolthl !!! . ',~ -2.:.~ .2.1 .7.2 I.=! .....-.:...-~~-- •. ~_.!_ __-_---:lir-
61 AntllllllOlln d81 1~.~. 7.0 ·0.' ·\0.0 t4.1. 7.0' ·0.5 .10.0
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65 Interlttlnet Oln.lty Sublotll lei.., Skvl ~~,~~ ..__ . ..:~J9 _...__:.~~~. ·81.8 '1!:.!.1- .:!H _:.?J.:! _...__ ~8.B...~: ._.,,~
88 Alln Altl mmlllt .. ~~U.ll.!'-._ ~Ol Used Not Used Not Uud .. Nol Uud Nol Uud Not UUd.__ ~UJ..!!!.!L.-

87 Llnolh 01 Itln Ctli km Not.Used !!ot Used NOI Used NOI U..d Not U.ld Nol U.ld Not UUd Not Used -I
.!!.. !!Ih Ltllglh th,ouO.!' /lIn . ~~ •__ .. t:J~..t!s.~cf•.__ ~~.!.....~!.td._.~!!~._~~t.!.~ia-• .!:!o.lY.Ud Not U..L ~!.!.y.~~~_._ ~1l.1•.Y.?!!t._L_
8.~. ~~!'!..~!~!':'.'!.~!~o_n _. •._._ ••. _._. __ .. ,d~ '''''''' . . ~5 _ .•.•..'5, __ ._ 1&.•_ _.1~ _ __~§. _••.._._ tI , . 15. . 15

.JO I'owtt COlltloll,tlnl ,~~_" ~5,;.~ _. '..M _ .__H,.~ I}~"__-l!.:9. _--lM _.._._'.~,.~ _....__ .I.~..~, "
71 Interflrinci Oln,IlvSubtottllrlln on .Iontl plthl d8W/HI .~.B .38.8 .41.' ·11.' ·S4.' ·d.' -73.' ·88.t
72 NotU: .

-'1 3 Antlnnl Olin It tht nlulmurn IllvI~etle!~oe~~!d;'te!;on 01 "~~_L!:A_O.5.!o~e!v.o~" " ...• .___ _._1_ .._ .....:=.::::==~:
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75 Antlnnl Otln It 32·28 'Ioistthltll I
78 POWlI Contlollllint olthlll tht dlllt'lnCI In EIRP ,eQulred \0 offset thO Pith loss olon~ _ --
77 EbINo It thl IIltUltl rtcllvt' I _l_. I
78 Tht dtllutnllnt Pith l~d8.powlr contrail I. lor I 10 dforee elevetlon InOIe 1.
79 Totti PO.,.,., ¢olll/ol IttlnDlus Illnt ~llhl cennot excoed 24,8 d8
80 Inttrftrtncl Olnllt.., Subtotll Cllcul8tld beud on AWGN euumoHon ----- - --- -
81 "'I'" bl tlow I.tlrnltl 01 Intlrll'lncl ----====--_. ~ -"-
82 Lin Modll used lor Itln Itttnultlon on Inwference onth ••- ._-f--
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